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Human beings are creatures of habit. Many daily rou-
tines, such as getting up in the morning, taking a shower, 
and driving to work, take place without much thought 
and deliberate intention. But at the same time, people are 
not slaves to their habits and are clearly able to override 
habitual response tendencies in favor of more appropri-
ate behavior in a given situation (Miller & Cohen, 2001). 
For example, if you normally drink beer directly from the 
bottle, you are able to refrain from this habit and use a 
glass instead when in a fancy restaurant. This ability to 
resist routines and habits and to shield goals and behav-
ior from strong but currently inappropriate response ten-
dencies is usually referred to as cognitive control. 
Reactive control strategies enable the context-sensitive 
adjustment of cognitive control in response to experi-
enced conflicts or task demands, and proactive control 
strategies support the adjustment of cognitive control in 
anticipation of expected task demands. Previous work 
has provided evidence for both reactive control strategies 
(e.g., Botvinick, Braver, Barch, Carter, & Cohen, 2001; 
Gratton, Coles, & Donchin, 1992; Kerns et al., 2004) and 
proactive control strategies (e.g., Braver, 2012; Dreisbach 
& Haider, 2006; Gollwitzer, 1999). Here, we present evi-
dence for a third strategy, retroactive control, that uses 
deliberate forgetting to prevent interference from habits.
One way of directly investigating resistance against 
habitual behavior in the laboratory (introduced by Ach, 
1910/2006) is to first establish habits by having participants 
practice an arbitrary stimulus-response (SR) rule, and then 
change the rule and measure the resulting performance 
cost. There is broad consensus that repeated SR associa-
tions leave traces in long-term memory, such that the 
occurrence of a given stimulus eventually automatically 
retrieves the associated response (e.g., Hommel, 2000; 
Logan, 1988). A single SR episode, or even merely receiv-
ing instructions about or planning an SR rule, can trigger 
the automatic retrieval of the entire SR association when 
the stimulus is encountered (e.g., Hommel, 1998; Wenke, 
Gaschler, & Nattkemper, 2007). A common precondition 
in all these cases is that at some point during the experi-
ment, participants must form the intention to react to the 
stimulus with a prespecified response (Hommel, 2000), a 
precondition that also holds for many everyday habits. We 
address here whether this intention and the consequential 
automatic retrieval can be undone by directed forgetting.
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Abstract
Most daily routines are determined by habits. However, the experienced ease and automaticity of habit formation and 
execution come at a cost when habits that are no longer appropriate must be overcome. So far, proactive and reactive 
control strategies that prevent inappropriate habit execution either by preparation or “on the fly” have been identified. 
Here, we present evidence for a third, retroactive control strategy. In two experiments using the list method of directed 
forgetting, the accessibility of newly learned and practiced stimulus-response rules was significantly reduced when 
participants were cued to forget the rules rather than to remember them. The results thus show that directed forgetting, 
so far observed and investigated only for episodic memory traces, can also be applied to habits. The findings further 
emphasize the adaptive value of forgetting and can be taken as evidence of a retroactive strategy of habit control.
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In the study of episodic memory, directed forgetting 
refers to a paradigm in which people intentionally forget 
previously studied material when cued to do so (e.g., Bjork, 
1970). In the list method of this paradigm, participants study 
a list of items and then receive a cue either to forget or to 
continue remembering the list. After subsequent study of 
another list, participants are asked to recall the items on the 
first list. Typically, the forget cue impairs recall of the items, 
relative to the remember cue, a finding attributed to impaired 
access to the original encoding context (Geiselman, Bjork, 
& Fishman, 1983; Sahakyan & Kelley, 2002).
Applying the logic of directed-forgetting experiments 
to habits, we asked participants to learn arbitrary right/left 
responses to a small set of words: four words in Block 1, 
four different words in Block 2, and the eight words from 
Blocks 1 and 2 in Block 3. Between Blocks 1 and 2, half 
of the participants were instructed to forget the Block 1 
associations.1 In Block 3, four of the associations were the 
same as they had been in the earlier block (compatible 
trials), whereas the other four were the opposite of what 
they had been earlier (incompatible trials; Table 1). The 
compatibility effect (i.e., the performance difference 
between compatible and incompatible trials) then served 
as a measure of the persisting activation of the competing 
(i.e., original) SR rules. If directed forgetting works for 
habits just as it works for episodic memory traces in gen-
eral, the compatibility effect for Block 1 associations 
should be smaller after a forget instruction compared with 
a remember instruction (or might even be absent).
Experiment 1
Method
Participants. Forty students from Regensburg Univer-
sity (21 female, 19 male; mean age = 20.7 years, SD = 3.7 
years) participated for partial course credit or €4. They 
provided informed consent and were debriefed after the 
session. Half the participants were randomly assigned to 
the remember condition, and the other half to the forget 
condition.
Stimuli and procedure. Four German words served as 
stimuli in Block 1, and four different German words were 
stimuli in Block 2. Each set of four words contained two 
words of masculine grammatical gender and two of femi-
nine grammatical gender (for a list of the words, see 
Table 1). Participants responded to each word by press-
ing the “Y” key (left) or the “M” key (right), using a com-
puter keyboard with the QWERTZ layout. In each block, 
one word of each gender was mapped to the left 
response, and one word of each gender was mapped to 
the right response. Within these constraints, stimulus sets 
and SR mappings were counterbalanced across blocks 
and participants.
In Block 3, the test block, all eight words were pre-
sented. Participants were asked to press the left key in 
response to a masculine word and the right key in 
response to a feminine word, or vice versa; the left/right 
positions of the response keys for masculine and femi-
nine words were counterbalanced across participants. 
Thus, half of the SR mappings in Block 3 were compati-
ble with the mappings from the previous blocks, and the 
other half were incompatible (see Table 1).
Each trial started with a fixation cross (250 ms), which 
was followed by a word stimulus that remained on the 
screen until the participant responded. Feedback was given 
only for errors (in the form of the German word “Fehler”). 
The intertrial interval was 1,000 ms after a correct response 
and 2,000 ms following an error. Words were presented in 
random order. Each word in Block 1 was presented 18 
times, each word in Block 2 was presented 20 times, and 
each word in Block 3 was presented 14 times. Instructions 
emphasized speed and accuracy equally.
In the forget condition, the first block ended with a 
simulated computer crash (indicated by a blue screen 
plus an error message). The experimenter then stepped 
in, apologized for having started the wrong program, and 
kindly asked the participant to start over again with the 
correct program. The participant was then casually told 
to try to forget what he or she had just done (i.e., to for-
get the words and SR mappings in Block 1). The experi-
menter then started the new program (i.e., Blocks 2 and 
3; see also Dobler & Bäuml, 2012).
In the remember condition, Block 1 ended with a 
screen telling participants to let the experimenter know 
that Block 1 was complete. The experimenter then casu-
ally informed the participants that they should remember 
what they had just done. The experimenter then started 
the new program (Blocks 2 and 3).
Table 1. Example of the Stimulus-Response Mappings in 
Experiment 1
Block      Left response      Right response
Block 1 Wolke (“cloud,” f )
Finger (“finger,” m)
Glocke (“bell,” f )
Stuhl (“chair,” m)
Block 2 Trommel (“drum,” f ) Maske (“mask,” f )
 Hafen (“haven,” m) Keller (“basement,” m)
Block 3 Wolke ( f ) Finger (m)
 Glocke ( f ) Stuhl (m)
 Trommel ( f ) Hafen (m)
 Maske ( f ) Keller (m)
Note: In this example, in Block 3, words with feminine grammatical 
gender (f ) were mapped to the left key, and words with masculine 
gender (m) were mapped to the right key. On compatible trials, the 
mapping between stimulus and response did not change from Block 
1 or 2 to Block 3; on incompatible trials (indicated in boldface), the 
mapping changed.
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After Block 2, participants in both conditions were 
informed that on the following trials, they should decide 
whether a given word was of masculine or feminine 
grammatical gender. In a postexperimental interview, 
none of the participants in the forget condition expressed 
any suspicion about the computer crash.
Design. In Block 3, a 2 (compatibility: compatible, 
incompatible) × 2 (instruction: forget, remember) mixed-
factors design was applied. Compatibility was manipu-
lated within participants, and instruction was manipulated 
between participants. Reaction times (RTs) and error 
rates for Block 1 items served as dependent measures.
Results and discussion
Trials responded to incorrectly and trials with RTs more 
than 3 standard deviations from the individual cell mean 
(1.65% of all trials) were excluded from RT analyses. To 
examine the prediction that the compatibility effect for 
words from Block 1 should be smaller in the forget than 
in the remember condition, we ran a 2 (compatibility: 
compatible, incompatible) × 2 (instruction: forget, remem-
ber) mixed-factors analysis of variance (ANOVA) on RTs 
for responses to Block 1 words (see Fig.  1). Analysis 
revealed a main effect of instruction, F(1, 38) = 4.8, p < .05, 
ηp2 = .11. RTs were generally slower in the remember con-
dition (M = 703 ms) than in the forget condition (M = 
653 ms). Compatibility had a marginally significant effect, 
F(1, 38) = 3.1, p = .08. Most important, the interaction of 
instruction and compatibility was significant, F(1, 38) = 
6.1, p < .02, ηp2 = .14. RTs on compatible and incompatible 
trials did not differ in the forget condition, F < 1, whereas 
responses on compatible trials (M = 680 ms) were signifi-
cantly faster than responses on incompatible trials (M = 
726 ms) in the remember condition, F(1, 38) = 8.9, p < .01.2 
(For practice effects within Block 3, see Fig. S1 and Table 
S1 in the Supplemental Material available online.)
An analogous 2 × 2 ANOVA was run on the error rates 
for Block 1 words (Fig. 1). Only the main effect of com-
patibility reached significance, F(1, 38) = 4.2, p < .05, 
ηp2 = .10; participants generally made more errors on 
incompatible trials (4%) than on compatible trials (1.9%). 






































Fig. 1. Experiment 1 results: mean reaction time (left) and error rate (right) in Block 3 as a function of compatibility and 
instruction condition. Error bars represent 95% within-subjects confidence intervals (Loftus & Masson, 1994) derived from the 
corresponding compatibility effect.
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instruction was not statistically significant, F = 1.0, p = .3, 
error rates were significantly greater for incompatible 
than for compatible trials in the remember condition, F(1, 
38) = 4.75, p < . 05, ηp2 = .11, but not in the forget condi-
tion, F < 1, p > .4.
Experiment 1 provides the first evidence that newly 
learned and practiced SR rules can be subject to directed 
forgetting. Using the compatibility effect for Block 1 
words as a measure of persisting activation of previously 
learned SR rules, we obtained clear evidence that the 
forget instruction reduced the impact of these SR associa-
tions: The compatibility effect was significantly reduced 
in the forget condition compared with the remember 
condition. Indeed, the compatibility effect was virtually 
absent in the forget condition.
In Experiment 1, we used arbitrary SR rules in Blocks 
1 and 2, but a task rule in the test phase. There is much 
evidence that task rules, which allow for natural catego-
rization (here, masculine vs. feminine gender), are easily 
formed and more persistent than arbitrary SR rules 
(Dreisbach, 2012; Dreisbach, Goschke, & Haider, 2006, 
2007). Our design may have made it rather easy for us to 
find directed forgetting of habits, and it was unclear 
whether the results would generalize to task rules based 
on a natural category and long-term associations between 
stimulus and response.
Therefore, in Experiment 2, we tested the robustness of 
the directed-forgetting effect using task rules in Blocks 1 
and 2. In Block 1, participants responded to small numbers 
by pressing the left key and to large numbers by pressing 
the right key. This task exploited the natural tendency to 
associate larger numbers with spatial positions more to the 
right and smaller numbers with spatial positions more to 
the left—the SNARC (spatial-numerical association of 
response codes) effect (Dehaene, Bossini, & Giraux, 1993). 
In Block 2, the stimuli were letters that had to be catego-
rized as consonants or vowels. In Block 3, participants cat-
egorized the numbers from Block 1 according to parity 
(i.e., whether they were odd or even). This rule change 
again made half of the stimuli compatible and the other 
half incompatible. We reasoned that the compatibility effect 
might be harder to reduce in this experiment than in 
Experiment 1, because the SR rule in question relied not 
only on recent practice but also on the natural tendency to 
spatially associate number magnitude. A significant reduc-
tion of the compatibility effect in the forget condition would 
thus provide even more compelling evidence that auto-
matic retrieval of habits can be hampered by intention.
Experiment 2
Method
Participants. Eighty students3 (60 female, 20 male; 
mean age = 22.3 years, SD = 2.7 years) from Regensburg 
University participated for partial course credit or €4. 
Two participants were excluded because of high error 
rates, and 2 participants in the forget condition were 
excluded because they expressed suspicion about the 
computer crash. They were replaced by another 4 
participants.
Stimuli and procedure. The numbers 1 to 4 and 6 to 
9 served as stimuli in Blocks 1 and 3. In Block 2, the let-
ters “A,” “E,” “O,” “U,” “C,” “F,” “S,” and “R” were pre-
sented. In Block 1, participants judged whether each 
number was less than 5 (left key) or greater than 5 (right 
key). In Block 2, participants decided whether each letter 
was a vowel (left key) or consonant (right key). Finally, 
in Block 3, only numbers from Block 1 were presented 
(to avoid task switching within the block), and partici-
pants were asked to decide whether each number was 
odd (left key) or even (right key). In each block, the 
eight stimuli were presented 10 times each, so block 
length was constant at 80 trials. All other procedural 
details, including the directed-forgetting manipulation, 
followed the procedure of Experiment 1.
Results and discussion
Block 3 trials responded to incorrectly and trials with RTs 
more than 3 standard deviations from the individual cell 
mean (1.48% of all trials) were again excluded from RT 
analysis. Mean RTs for Block 1 items were entered into a 
2 (instruction; between participants) × 2 (compatibility; 
within participants) mixed-factors ANOVA (see Fig. 2). A 
significant main effect of compatibility, F(1, 78) = 33.86, 
p < .01, ηp2 = .30, was qualified by a significant interac-
tion with instruction, F(1, 78) = 5.1, p < .03, ηp2 = .06. RTs 
were generally faster on compatible trials than on incom-
patible trials (M = 580 ms vs. 613 ms). More important, 
this compatibility effect was smaller in the forget condi-
tion than in the remember condition (M = 20 ms vs. 46 
ms). Compatibility effects were significant for both the 
forget condition, F(1, 78) = 6.36, p < .05, ηp2 = .07, and 
the remember condition, F(1, 78) = 32.57, p < .01, ηp2 = 
.29 (for practice effects within Block 3, see Fig. S2 and 
Table S2 in the Supplemental Material).
Analysis of the error data again yielded a significant 
main effect of compatibility, F(1, 78) = 19.3, p < .01, 
ηp2 = .19; participants made fewer errors on compatible 
trials (2% of all trials) than on incompatible trials (5.0%). 
The main effect of instruction approached significance, 
F(1, 78) = 2.9, p = .08. Again, compatibility effects were 
significant in both the forget condition, F(1, 78) = 4.69, 
p < .05, ηp2 = .06, and the remember condition, F(1, 78) = 
16.33, p < .01, ηp2 = .17.
The results of Experiment 2 confirm the results of 
Experiment 1. The compatibility effect was again signifi-
cantly smaller in the forget condition than in the 
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remember condition, which indicates that the forget 
instruction reduced the influence of SR associations 
acquired in Block 1.
General Discussion
The present results demonstrate for the first time that the 
influence of newly established habits can be reduced by 
means of directed forgetting. We used compatibility 
effects as a measure of the persisting activation of for-
merly established SR associations. For the remember 
condition, we found significant compatibility effects, but 
for the forget condition, we found reduced effects (for 
the more natural task rule in Experiment 2) or even no 
effect (for the arbitrary SR rules in Experiment 1). These 
findings indicate that automatic retrieval of practiced SR 
associations can be prevented when people are cued to 
do so.
Our results are consistent with the literature on both 
habits and directed forgetting. Because memory for hab-
its seems to depend on access to the encoding context 
(Wood & Neal, 2007; Wood, Tam, & Guerrero Witt, 
2005), and the forget cue supposedly impairs access to 
the original encoding context (Geiselman et al., 1983; 
Sahakyan & Kelley, 2002), memory for habits should be 
subject to directed forgetting, which is what our results 
show. Moreover, the stronger directed-forgetting effect in 
Experiment 1 than in Experiment 2 suggests that acces-
sibility of long-term associations is not as easily reduced 
when the associations are based on a natural categoriza-
tion rule as when they are based on arbitrary SR rules. 
The fact that the compatibility effect for Block 1 stimuli in 
the forget condition was still significant (though reduced) 
in Experiment 2 but not in Experiment 1 also supports 
this assumption. Although comparisons across experi-
ments should be treated with caution, this finding might 
be related to the observation that strong habits are less 
dependent on encoding context than are weak habits 
(Wood et al., 2005) and further confirms the greater per-
sistence of general task rules compared with SR rules 
(Dreisbach, 2012; Mayr & Bryck, 2005).
Habits rely heavily on context: They are cued by 
recurring context features and are less accessible when 








































Fig. 2. Experiment 2 results: mean reaction time (left) and error rate (right) in Block 3 as a function of compatibility and instruction 
condition. Error bars represent 95% within-subjects confidence intervals (Loftus & Masson, 1994) derived from the corresponding 
compatibility effect.
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implicit memory for encounters with single words is 
unaffected by context change and is equivalent in same-
context and different-context conditions (Mulligan, 2011; 
Parker, Dagnall, & Coyle, 2007). Therefore, our results 
do not contradict previous research in which tests of 
implicit memory revealed no directed forgetting (e.g., 
Basden, Basden, & Gargano, 1993). The finding of 
directed forgetting for habits is also not in conflict with 
studies showing that retrieval of a subset of List 1 items 
can eliminate directed forgetting for the other list items, 
probably by reactivating the original encoding context 
(Bäuml & Samenieh, 2010, 2012). In the present study, 
stimulus and response features of Block 1 were also 
present in Block 3, but both the change in response cri-
teria from Block 1 to Block 3 and the presence of new 
associations in Block 3 should have prevented contex-
tual drift back to Block 1.
In conclusion, there seem to be at least three control 
strategies available to secure appropriate behavior in 
our initial beer-drinking example. First, context-sensitive 
reactive control may detect the conflict between bottle 
and glass, and ideally bias the response “just in time” 
(Botvinick et al., 2001; Braver, 2012). Second, proactive 
control, in the form of an implementation intention 
(e.g., “If I am in a fancy restaurant, then I will pour the 
beer into the glass before I take a sip”) may prevent the 
response conflict before it even arises (Gollwitzer, 
1999). And finally, retroactive control (e.g., “I will never 
drink beer from the bottle again”), as discussed here, 
may generally reduce accessibility of the inappropriate 
habit. Although the precise mechanisms underlying 
these control processes await future investigation, the 
present results clearly indicate that the cognitive system 
is well equipped to adapt behavior by biasing habits 
in accordance with current and future goals and 
intentions.
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Notes
1. In directed forgetting, study of a postcue (second) list is nec-
essary for the forget cue to induce forgetting (e.g., Pastötter & 
Bäuml, 2007). Therefore, we incorporated a postcue block of 
associations before the final test in Block 3.
2. There was a significant compatibility effect for Block 2 
words, F(1, 38) = 19.6, p < .01, that did not differ between the 
two instruction conditions, F < 1.
3. Sample size in Experiment 1 was determined on the basis of 
prior directed-forgetting studies (e.g., Bäuml & Samenieh, 2010, 
2012). Given the medium effect size obtained in Experiment 1, 
we doubled the sample size in Experiment 2 to increase power.
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